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(54) MAGNETIZATION METHOD OF MAGNET AND DC MOTOR EMPLOYING 
MAGNET MAGNETIZED BY THE METHOD 

(57)Abstract: 

PURPOSE: To reduce the torque ripple of a DC 
motor and, further, improve an effective torque 
smoothly. 

CONSTITUTION: A magnet 1 is made to touch 
or come close to the coil part 4 of a 
magnetizing coil unit 2 and the coil part 4 is 
excited to magnetize the magnet 1 so as to 
have a required pole arrangement 14. When the 
coil part 4 is excited and the magnet 1 is 
magnetized, a magnetic yoke member 7 which 
has a nonmagnetic conducting part 9 in its 
inner circumference 13 is provided on the 
outer circumference 1 2 of the magnet 1 . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] The magnetization approach of the magnet characterized by what the 
magnet was made to contact or approach the energization line section, the 
nonmagnetic conductive member was made to be placed between the 
anti-energization line section sides of said magnet when it was the magnetization 
approach of a magnet that this magnet is magnetized by the predetermined magnetic 
pole array and said energization line section was excited by excitation of this 
energization line section, and the magnetic yoke member was prepared for. 
[Claim 2] The magnetization approach of the magnet-characterized by what said 
magnetization coil object is excited [ magnet / this ] for at a magnetization coil object 
by outside attachment or the condition of having made it inner-**(ing), in outside 
attachment or the magnetic yoke member by which it was made to inner-** and the 
nonmagnetic conductive member was further prepared in the periphery section or the 
inner circumference section of said magnet in order to carry out multi-electrode 
magnetization of the cylindrical magnet to a hoop direction. 

[Claim 3] Said nonmagnetic conductive member is the magnetization approach of the 
magnet according to claim 1 or 2 which consists of an aluminum containing alloy. 
[Claim 4] 3 is [ claim 1 thru/or ] a DC motor possessing the magnet magnetized by the 
magnetization approach of a publication, Rota which it is equipped with this magnet 
and supported free [ a revolution 1 and the armature by which opposite arrangement 
is carried out with said magnet either. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the DC motor using the magnet 
obtained by such magnetization about the magnetization approach of the magnet for 
actuation that little revolution actuation of the torque ripple in a DC motor can be 
acquired. 
[0002] 



[Description of the Prior Art] The magnet for actuation built into DC motors, such as a 
brushless motor, is magnetized by the predetermined magnetic pole array, and the 
shape for example, of a cylindrical shape is used to nothing and a hoop direction. In 
order to magnetize such a magnet, the magnetization coil object formed in the 
predetermined magnetic pole array is equipped with a magnetized magnet, and it is 
obtained by exciting a necessary direct current on a magnetization coil object. A 
magnetization coil object consists of an attachment component which has cylinder-like 
the peripheral face or inner skin corresponding to the magnetization pole face of a 
magnet, and an energization line arranged on the peripheral surface. 
[0003] For example, in order that a magnet may counter with an armature by the inner 
circumference side of a magnet in the so-called outer rotor mold direct-current motor 
which carries out revolution actuation by the periphery side of an armature, the inner 
circumference section of a magnet is equipped with a magnetization coil object, and 
magnetization is performed from the inner circumference side of a magnet. That is, a 
cylinder or a cylinder-like magnetization coil object is made to attach a magnet outside, 
and magnetization is performed. On the other hand, a magnet is magnetized by the 
configuration of these and reverse by the so-called inner rotor mold direct-current motor 
which carries out revolution actuation by the inner circumference side of an armature. 
[0004] By the way, according to such a magnetization approach, it is difficult for many of 
magnetic flux generated by excitation of a magnetization coil object to turn into 
magnetic leakage flux, and to magnetize a magnet efficiently. For this reason, by 
equipping with the magnetic yoke member of the shape of tubed or a ring the periphery 
side of the magnet with which the magnetization coil object was equipped, i.e., the 
opposite hand of a magnetization coil object, it is planned so that magnetic leakage flux 
may be reduced (for example, outer rotor mold). (In addition in an inner rotor mold, the 
inner circumference side of a magnet is equipped with a magnetic yoke member.) 
Thereby, the magnetic flux from a magnetization coil object penetrates a magnet 
efficiently, and improvement in magnetization effectiveness can be aimed at. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the magnetization approach of 
the magnet using the above magnetic yoke members, the torque wave by the 
electromagnetic interaction of a magnet and an armature becomes steeper on a motor 
property. That is, while torque value rises compared with the case where a magnetic 
yoke member is not used, the maximum of torque becomes cusp-like and the fall of a 
maximum torque value and a starting pull-up-torque value becomes large. For this 
reason, when commutation to an armature is performed with operation of a motor, while 



the increment in cogging torque and a torque ripple is caused and smooth revolution 
actuation becomes difficult, lowering of effective torque is caused and a motor efficiency 
is worsened. 

[0006] The place which it is carried out in view of the above troubles which consisted in 
the conventional technique, and is made into that technical problem is to offer a DC 
motor equipped with the magnet obtained by this magnetization approach while this 
invention offers the magnetization approach of an actuation magnet that it is smooth 
and improvement in effective torque can be aimed at in addition to reduction of the 
torque ripple in a DC motor. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned technical 
problem, the magnetization approach of the magnet of this invention makes a magnet 
contact or approach the energization line section, it is the magnetization approach of a 
magnet that this magnet is magnetized by the predetermined magnetic pole array by 
excitation of this energization line section, and in case the; aforementioned energization 
line section is excited, make a nonmagnetic conductive member intervene and the 
anti-energization line section side of said magnet is provided with the method of coming 
to prepare a magnetic yoke member. 

[0008] Furthermore, as the magnetization approach of the magnet of this invention, in 
order to carry out multi-electrode magnetization of the cylindrical magnet to a hoop 
direction, a magnetization coil object is provided [ member / outside attachment or / by 
which the nonmagnetic conductive member was further prepared in the periphery 
section or the inner circumference section of said magnet / magnetic / yoke ] with the 
method of coming to excite said magnetization coil object according to outside 
attachment or the condition of having made it inner-**(ing), by making it inner-** in 
this magnet. 

[0009] As for the nonmagnetic conductive member in the describing [ above ] all 

directions method, it is desirable to use an aluminum containing alloy. 

[0010] And the DC motor which possesses the magnet magnetized by the magnetization 

approach of one of the above, Rota which it is equipped with this magnet and supported 

free [ a revolution ], and the armature by which opposite arrangement is carried out 

with said magnet as a DC motor is offered. 

[0011] 

[Function] Since according to the magnetization approach of a magnet of following this 
invention the magnetic yoke member is prepared in case a magnet is magnetized by 
excitation of the energization line section or a magnetization coil object, the magnetic 



flux from an energization line or a magnetization coil object acts so that the 
transparency ease to a magnet may be raised. Since the nonmagnetic conductive 
member is intervened and prepared between the magnet and the magnetic yoke 
member in that case, the magnetic flux from the energization line section or a 
magnetization coil object acts also to this nonmagnetic conductive member 
simultaneously. That is, since the nonmagnetic part of a magnetic yoke member is a 
conductive member, induction of the eddy current by transparency of magnetic flux is 
carried out to this part, and it acts so that this eddy current may bar transparency of 
magnetic flux conversely. 

[0012] Therefore, steep nature is controlled and it serves as a flat torque wave while 
effectiveness of the magnet magnetized in this way improves. Without starting pull up 
torque falling so much by this, the fall of starting pull up torque and the maximum 
torque becomes small, large effective torque can be taken, and since a cogging torque ** 
torque ripple is moreover mitigated, smooth revolution actuation can be realized. 
[0013] Moreover, since the property top and conductivity are high and processing and 
shaping are moreover easy by using an aluminum containing alloy as the 
above-mentioned nonmagnetic conductive member, in an engine-performance side and 
both sides of profitability, it is desirable. 

[0014] Furthermore, a DC motor with high effectiveness with a smooth revolution is 

obtained by using the magnet obtained in this way as a DC motor. 

[0015] 

[Example] Hereafter, the example of the DC motor using the magnetization approach of 
the magnet of this invention and this is explained in full detail, referring to an attached 
drawing. Drawing 1 is a development view for explaining the magnetization equipment 
and the magnetization approach for magnetizing a magnet 1 from the inner 
circumference section 11 side. And drawing 3 is a sectional view of a DC motor where 
the magnet 1 of drawing 1 is incorporated, these drawings — setting — a magnet 1 — the 
shape of a cylinder « accomplishing — the hoop direction — N pole and the south pole — 
alternation ~ and a part for eight magnetic poles is magnetized uniformly, and it is used. 
[0016] The magnetization coil object 2 is a magnetization means for magnetizing a 
magnet 1 as necessary, and the coil section 4 is arranged by the cylinder-like housing 3. 
Since it contacts or approaches and a magnet 1 is attached outside, the outer-diameter 
dimension of housing 3 is slightly set to the periphery section 10 of housing 3 small from 
the inside diameter of the inner circumference section 11 of a magnet 1. And the eight 
magnetic pole sections 5 are uniformly formed in a hoop direction at the periphery 
section 10 of the housing section 3, and the coil section (energization line) 4 is arranged 



between each magnetic pole section 5. 

[0017] The coil section 4 is continuously connected from lead wire 6 and 6, and one track 
is formed. In addition to insulating processing being carried out and ferromagnetic 
materials, such as iron material, being formed, the mould of the housing 3 holding the 
coil section 4 is carried out to one by non-magnetic materials, such as resin, and it is 
formed. It may be made to carry out maintenance immobilization of the coil section 4 
only with a resin ingredient according to the conditions of magnetization. 
[0018] The ferromagnetic section 8 by the magnetic steel sheet is formed in the shape of 
the same axle so that the nonmagnetic section 9 of an aluminum containing alloy may 
be formed in the inner circumference section 13 side and the magnetic yoke member 7 
attached outside the periphery section 12 of a magnet 1 may surround it. The inside 
diameter of the inner circumference section 13 is the range without a backlash, and is 
slightly set up greatly rather than the dimension of a magnet 1. The nonmagnetic 
section 9 and the ferromagnetic section 8 are formed in one by aluminum die casting, 
and also they can also be formed by immobilization by both press fit. 
[0019] In this way, in order to magnetize a magnet 1, while attaching outside and 
equipping the magnetization coil object 2 with a magnet 1, further, the magnetic yoke 
object 7 is made to attach outside and hold to the periphery section 12 of a magnet 1, 
and is set to it. A predetermined direct current is impressed to the lead wire 6 and 6 of 
the magnetization coil object 2 in this condition. Thereby, the coil section 4 is excited 
and a magnet 1 is magnetized by the predetermined (the example of drawing eight 
poles) magnetic pole 14. 

[0020] According to the above-mentioned magnetization approach, in case a magnet 1 is 
magnetized by excitation of the coil section 4, the ferromagnetic section 8 of the 
magnetic yoke member 7 acts the magnetic flux from the coil section 4 so that the 
transparency ease to a magnet 1 may be raised. Between a magnet 1 and the 
ferromagnetic section 8, the nonmagnetic section 9 is formed in that case. And since this 
nonmagnetic section 9 is a conductive member by the aluminum containing alloy, in 
response to the magnetic flux from the coil section 4, induction of the eddy current is 
carried out to the nonmagnetic section 9. It acts so that transparency of the magnetic 
flux from the coil section 4 may be barred according to this eddy current. 
[0021] Therefore, if it includes in the DC motor which shows the magnet 1 magnetized 
in this way to drawing 3 and a necessary commutation signal is given to a stator 
(armature) 15, torque will occur by the electromagnetic interaction of a magnet 1 and a 
stator 15. A maximum torque value is controlled, the torque difference of starting pull 
up torque and the maximum torque decreases, cogging torque and a torque ripple are 



mitigated, and effective torque of the torque wave which it is excited by the stator 15 
and generated improves. 

[0022] In addition, the DC motor of drawing 3 is the outer rotor mold formed of the 
following configurations, and is a shaft revolution type DC motor. A bearing sleeve 17 is 
formed in a bracket 19 at one, and the shaft 16 is supported free [ a revolution ] in the 
inside core of a bearing sleeve 17. And the stator 15 is being fixed to the outside of a 
bearing sleeve 17. A**-like magnetic steel sheet carries out the necessary 
number-of-sheets laminating of the stator 15, and it is formed, for example, an 
armature coil carries out count winding of necessary, and it is prepared in nine 
magnetic pole gear teeth. A magnet 1 is arranged in the inner circumference section of 
Rota 18 fixed to the upper bed section of a shaft 16, and a magnet 1 and a stator 15 have 
few clearances to radial, and are positioned in it. Moreover, the members 40 and 41 
prepared in the vertical section of a shaft 16 are thrust plates which perform 
shaft-orientations regulation of Rota 18. 

[0023] In the above-mentioned configuration and the magnetization approach, a 
concrete experimental result is shown in drawing 5 . As for 18.3mm and a magnet 1, the 
outer diameter used [ the outer diameter of the magnetization coil object / in / in an 
experiment sample / drawing 1 / 2 ] that by which the outer diameter was set as 45mm 
for the thickness dimension, using SS41 steel in 1mm and the ferromagnetic section 8 
using the neodium boron system, using A2017 as an aluminum containing alloy in 
20.4mm and the nonmagnetic section 9. Furthermore, the stator 15 of drawing 3 was 
made to energize and excite drawing 5 , and it showed the torque wave by the two phase, 
and torque value is specified on an axis of ordinate, and it has specified time amount on 
the axis of abscissa. (In addition, the graph which appears near 0 torque shows the 
condition of cogging torque.) 

[0024] According to drawing 5 , the minimum starting torque value whose maximum 
torque values are 248 g-cm and the intersection part of 2 waves is 216 g-cm, and, as for 
the torque ripple, the result of 32 g-cm was obtained. Incidentally, this result is 
compared with the conventional magnetization approach using the same magnet which 
are the same magnetization conditions. Drawing 6 was a torque wave at the time of 
magnetizing a magnet 1, without using the magnetic yoke member 7, and the maximum 
torque values were [ 224 g-cm and the minimum starting torque value ] 184 g-cm. In 
drawing 6 , while torque value falls relatively, it turns out that a torque ripple is also 
larger than the result of 40 g-cm and drawing 5 . 

[0025] Furthermore, by drawing 7 , it replaces with the magnetic yoke member 7, and 
the torque wave at the time of magnetizing the same magnet 1 on the same conditions is 



shown, using the magnetic yoke member which does not have the nonmagnetic section 9. 
According to drawing 7 , the maximum torque values were [ 280 g-cm and the minimum 
starting torque value ] 228 g-cm. While the maximum torque value became high by the 
magnetic yoke member, it turns out that the torque ripple is also increasing with 52 
g-cm. Moreover, in addition to this, cogging torque value is also increasing. 
[0026] Drawing 8 shown below shows the case where various thickness of the 
nonmagnetic section [ in / for the above-mentioned magnet 1 / the magnetic yoke 
member 7 ] 9 is changed on the same magnetization conditions. In drawing 8 , the 
thickness of the nonmagnetic section 9 (aluminum containing alloy) is specified on an 
axis of abscissa, torque value is specified on an axis of ordinate, and the property change 
about each of a torque ripple and cogging torque is shown. According to drawing 8 , in 
the range whose thickness is 1 thru/or 2mm, it turns out that a torque ripple and 
cogging torque are reduced most. In addition, it is also possible to replace with an 
aluminum containing alloy and to use brass. 

[0027] The development view shown in drawing 2 is for explaining the magnetization 
equipment and the magnetization approach of magnetizing another magnet of this 
invention. The magnet 21 in drawing 2 is magnetized from the periphery section 31 side. 
And such a magnet 21 is used for the DC motor of the inner rotor mold shown in 
drawing 4 . Also in drawing 2 , as for a magnet 21, a part for eight magnetic poles shall 
be magnetized uniformly to a hoop direction. 

[0028] The core of housing 23 penetrates in the vertical direction, and is formed, among 
those, as for the magnetization coil object 22, a magnet 21 is inserted in a periphery 30. 
Also in [ dimension / of a magnet 21 / outer-diameter ] this case, the inside diameter of 
the inner circumference section 30 is set up greatly slightly. The eight magnetic pole 
sections 25 are uniformly formed in a hoop direction at the inner circumference section 
30 of housing 23, and the coil section 24 is arranged between each magnetic pole section 
25. The coil section 24 is continuously connected from lead wire 26 and 26, and one 
track is formed. 

[0029] The nonmagnetic section 29 of an aluminum containing alloy is formed in the 
periphery section 33, and, as for the magnetic yoke member 27 inserted in the inner 
circumference section 32 of a magnet 21, the ferromagnetic section 28 by iron material 
is formed in the inner circumference side in the shape of the same axle. Therefore, in 
order to magnetize a magnet 21, while inserting in and equipping the magnetization coil 
object 22 with a magnet 21, insert in to the inner circumference section 32 of a magnet 
21 magnetic yoke member 27 further, and it is made to hold to it, and sets to it. In this 
condition, a predetermined direct current is impressed to the lead wire 26 and 26 of the 



magnetization coil object 22. Thereby, the coil section 24 is excited and a magnet 21 is 
magnetized by the predetermined magnetic pole 34. 

[0030] Thus, if the magnetized magnet 21 is built into the DC motor shown in drawing 4 
and a necessary commutation signal is given to a stator 35, torque will generate it by 
the magnet 21 and the stator 35. Unlike the configuration of drawing 3 , the DC motor 
of drawing 4 is in the point that the shaft 36 is being fixed to the bracket 39 while being 
an inner rotor mold. A bearing sleeve 37 is supported free [ a revolution ] to a shaft 36, 
and Rota 38 is established in a magnet 21 and the upper part at the lower part of the 
periphery section of a bearing sleeve 37, respectively. The thrust plates 42 and 43 
prepared in the vertical section of a shaft 36 are performing shaft-orientations 
regulation of Rota 38. 

[0031] Therefore, the DC motor in drawing 4 can acquire the same operation 
effectiveness as the DC motor by the configuration of drawing 3 , and while the smooth 
revolution actuation by which the torque ripple was reduced is made, the large DC 
motor of effective torque is obtained. In addition, the magnet 1 and magnet 21 which 
were mentioned above are applicable to the configuration of those other than the DC 
motor shown in drawing 3 and drawing 4 , and also can be prepared in the configuration 
by such combination. Furthermore, things which can be designed freely, such as the 
number of magnetic poles, a configuration, etc. which are magnetized to a magnet, 
cannot be overemphasized. 
[0032] 

[Effect of the Invention] Since according to the magnetization approach of the magnet of 
this invention the magnetic yoke member 7 is formed in case a magnet 1 is magnetized 
by excitation of the coil section 4, the magnetic flux from the coil section 4 acts so that 
the transparency ease to a magnet 1 may be raised. Since the nonmagnetic conductive 
member 9 is intervened and formed between the magnet 1 and the magnetic yoke 
member 7 in that case, the magnetic flux from the coil section 4 acts also to this 
nonmagnetic conductive member 9 simultaneously. That is, since the nonmagnetic part 
of the magnetic yoke member 7 is conductivity, induction of the eddy current by 
transparency of magnetic flux is carried out to this part, and it acts so that this eddy 
current may bar transparency of magnetic flux conversely. Therefore, steep nature is 
controlled and it serves as a flat torque wave while effectiveness of the magnet 1 
magnetized in this way improves. Without starting pull up torque falling so much by 
this, the fall of starting pull up torque and the maximum torque becomes small, large 
effective torque can be taken, and since a cogging torque ** torque ripple is mitigated, 
smooth revolution actuation can be realized. 



[0033] Moreover, since the property top and conductivity are high and processing and 
shaping are moreover easy by using an aluminum containing alloy as the 
above-mentioned nonmagnetic conductive member, improvement in an 
engine-performance side and profitability can be aimed at. 

[0034] Furthermore, a DC motor with high effectiveness with a smooth revolution is 
obtained by using the magnet obtained in this way as a DC motor. 

[Brief Description of the Drawings] 

[Drawing 1] It is the expansion perspective view of the components in the magnetization 
approach of a magnet of following this invention. 

[Drawing 2] It is the expansion perspective view of the components in the magnetization 
approach of another magnet of following this invention. 

[Drawing 3] It is the sectional view of the DC motor incorporating the magnet by the 
magnetization approach of this invention. 

[Drawing 4] It is the sectional view of the DC motor incorporating another magnet by 
the magnetization approach of this invention. 

[Drawing 5] It is the torque wave form chart of the magnet by the magnetization 
approach of this invention. 

[Drawing 6] It is the torque wave form chart of the magnet by the conventional 
magnetization approach. 

[Drawing 7] It is the torque wave form chart of the magnet by the conventional 
magnetization approach. 

[Drawing 8] It is another property drawing of the magnet by the magnetization 
approach of this invention. 
[Description of Notations] 

1 21 Magnet 

2 22 Magnetization coil object 

3 23 Housing 

4 24 Coil section 

5 25 Magnetic pole section 

7 27 Magnetic yoke section 

8 28 The ferromagnetic section 

9 29 Nonmagnetic section 
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